Abstract. Flexible and adaptive quality-of-service (QoS) is desirable for distributed real-time applications, such as e-commerce, or multimedia applications. The objective of this research is to dynamically instantiate composite services by effectively utilising the collective capabilities of the resources to deliver distributed applications. Related to this objective are the problems of: (1) predicting system and network resources utilisation as well as the user's changing requirements on the provided services, and (2) finding optimal execution plans for a service that meet end-to-end quality requirements and adapting the available resources in accordance to the changing situation. This paper presents a framework for adaptive QoS and resource management in provisioning composite services. We also develop distributed algorithms for finding the multi-constrained optimal execution plan to enable delivery of QoS-assured composite services.
Introduction
The Internet infrastructure mainly supports best-effort connectivity service. Thus, guaranteeing quality-of-service (QoS) for high-demanding applications that operate in the Internet environment has remained a challenge. The issue arise from the heterogeneity of this environment. Services and contents are typically delivered via multiple network domains (i.e., communication systems owned by various administrative entities). Also, the user could request for the service from a wide variety of access devices, such as PCs, personal digital assistants (PDAs) and cell phones, or next-generation set-top boxes (STBs), with different configurations. Finally, while the best-effort networks might be sufficient for some services such as e-mail and those based on the File Transfer Protocol (FTP), other services such as multimedia and e-commerce applications require better QoS guarantees.
In order to overcome the above issues, a number of technologies and architectures have been introduced. Different forms of overlay networks have been developed to provide attractive service provisioning solutions, including service and content overlay networks [1, 3] . Services computing on the other hand enables distributed applications, possibly provided by multiple providers, to be discovered, aggregated and deployed. Service Oriented Architecture (SOA) [7, 2] further offers a layer of transparency by abstracting the available resources as services to be used by users and other applications. Finally, various middleware services have also been introduced to ensure adaptability and seamless integration of different services. Given various types of services involved in such an application scenario, cross-layer service composition with QoS assurances has become necessary to cost-effectively create new and seamless Internet services. Thus, an important problem is to provide a framework to enable efficient cross-layer service composition with QoS assurances.
In this paper, we present a QoS and Resource management (QoSRM) model to address the above challenges. Our cross-layer approach operates at all levels of service delivery, from the user's requirements to the resource constraints. To take advantage of the underlying service overlay network, we introduce several efficient algorithms that calculate the optimal execution plan for a given user request of composite service. An execution plan specifies the service instances for a composite service. Given the resource constraints on the service gateways that host the service instances of different instantiations and on the networks connecting between the gateways, our approach enables the selection of execution plans that (i) satisfy the user's QoS requirements, and (ii) optimise the service provider's objectives (such as low costs, good load balancing). Moreover, thanks to a QoS prediction component, our framework is able to adapt to changing user's requirements and evolving conditions during runtime. Due to space limitation, in-depth experiments to demonstrate the effectiveness of our approach as well as the efficiency of the proposed algorithms are omitted (details can be found in the extended version at: http://www.ict.swin.edu.au/personal/bvo/papers/AMTfull.pdf ).
Motivation and System Model

Motivating Scenario
We illustrate the problem tackled in this paper by an example scenario in the domain of distributed multimedia applications. Fig. 1 shows a composite service to allow a user to stream multimedia content to her access device. In this scenario, the user can request to watch live sport events, such as the Wimbledon tennis tournament, on her access device (e.g., a PDA, a mobile phone, or a HDTV). First, the user connects to a multimedia portal which authenticates her before a secure session is established to allows her accessing to the subscribed or pay-per-view contents. The user then chooses and requests the content she wants to view (e.g., a tennis match). The content will need to be acquired from a content provider. Then the streaming process begins. While watching the tennis match, the user can also follow another match which is played concurrently by requesting highlights of the other match. Whenever highlights of another match are requested, the service provider will try to acquire them (possibly from other content providers) before merging the highlight content to the current media stream to enable a picture-in-picture view of the highlights.
As shown in Fig. 1 , the delivery of the above abstract service process requires services to be instantiated by actual services residing at service gateways V i . Thus, the the actual services are executed at service gateways and data are transmitted between gateways. This is where the QoS of the services will be realised. In order to guarantee the QoS of the services, most service providers will need a mechanism to ensure that information and data be processed and transmitted in a timely manner with guaranteed reliability and availability. In the domain of multimedia applications, this is usually
